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1. Introduction 


As we approach a 2050 (10 billion persons on earth), physical 
and environmental constraints in our use of water and energy 
resources are beginning to manifest themselves. We also live in a 
time of uncertainty - in food security, energy and water supply 
and climate change, for example - and our demands on the 
environment continue to increase. This new situation calls for 
the scientific community to take up the challenges to provide a 
greater understanding of our nature which clearly is in need for a 
scientific and technological approach to sustainable development 
and that science and technology must be a driving force in the 
development of societies. Water and energy resources, intricately 
connected and increasingly scarce, are integral parts of the 
heritage of humanity. They require us to implement policies and 
strategies adapted to sustainable development because: 


© Energy security, Economic growth and Environmental protection 
are the national energy policy drivers of any country of the world; 

© Energy is central to achieving the interrelated economic, social, 
and environmental aims of sustainable human development; 

© Water is a fundamental part of our lives. It is a free and renewable 
natural resource. Human survival is dependent on water which has 
been ranked by experts as second only to oxygen as essential 
for life; 

è Energy and water resources are intricately connected: we use 
energy to help us treat, clean and transport the water we need, 
and we use water to help us produce the energy we need. 


According to the estimation done by the International Energy 
Agency (IEA) [1], a 53% increase in global energy consumption is 
foreseen by 2030, energy security is becoming a serious issue as fossil 
fuels are non-RE and will deplete eventually in near future. In 
addition, the world's oil resources will peak within a few decades 
to come (80 years at the most), and in the search for other 
sustainable alternatives to mitigate some political, economic and 
environmental issues currently associated with the heavy reliance 
on fossil fuel, it is inevitable that the world is heading towards RE 
and new energy economy, to reach sustainability, by promoting 
clean energy technologies, pursuing energy efficiency and develop- 
ing RE forms which are three orders of magnitude larger than 
current global energy use [2,3]. Moreover, climate changes, mani- 
fested in various forms, threaten the fragile balance of our ecosys- 
tem and require us to implement policies and strategies adapted to 
sustainable development. 

2For this reason, NA countries seek technologies from all disci- 
plines applicable in RE, energy efficiency (EE) and water. Indeed, 
considering them together, by improving access to clean water and 
green modern energy, offers substantial economic and environmental 
benefits for the region as well as a unique opportunity of technological 
advancing in the energy and water fields. The idea of valorisation of 
water and energy resources for innovation in NA is to give a vision 
about the future, take into account the experience of the water and 
energy sectors during the last decade, about the development of the 
RE, focused from a double perspective: regulative and technological. 

While the NA region has shortage in water resources, due to the 
semi-arid climate and an increasing demand created by population 
and economic growth, it is blessed with overwhelming distributed RE 


sources in that solar energy is called to be one of the most relevant 
players in the basket of the future as seen in Figs. 1 and 2 [4-6]. Energy 
of sun shine in NA, also known as the Sunbelt, is huge, 0.01% utilisation 
would cover the entire world. 

Although fresh water supplies remain constant in NA, the 
demand for water increases every day. As the region's population 
continues to grow, per capita water availability is set to fall by 
40% by 2050 with a decrease in water supply by 12% as depicted in 
Fig. 3 [7,8]. Annual rainfall is likely to decrease in much of 
Mediterranean Africa and Northern Sahara. 

The Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) [9] projects strong changes in climate across 
the MENA region. Temperature increases combined with substantial 
decreases in precipitation are projected. An increase in temperature 
results in a higher evapotranspiration demand and will, in combina- 
tion with a decrease in precipitation, severely stress the water 
resources in the region. The need for alternative and improved water 
management options is therefore urgently needed. In addition, the 
need to develop innovative practices and technologies to maximize 
the use of what is naturally available is an on-going challenge for NA 
water experts, policymakers, and the general public. 

NA population is young and has one of the world's most rapidly 
expanding populations. Table 1 neatly summarizes population 
growth since 1950, and also project growth to 2050, based on 
United Nations (UN) and International Monetary Fund (IMF) data 
[10,11]. This offers a unique opportunity of technological advan- 
cing in the water/energy field. Indeed, improved access to clean 
water and green modern energy in the region is a fundamental 
step to poverty reduction with advanced and technical know-how 
and resources of the industrialized nations can facilitate to achieve 
sustainable development in the region. 


2. Water and energy linkage 


Energy, in absolute terms, is not in short supply in the world. 
Exactly the same can be said about water. The world's total annual 
use of commercial energy is on the order of 400 Quads | 12], and the 
sun pours about 6 million Quads of radiant energy into the earth's 
atmosphere each year. In addition, the earth is a water rich planet, 
and annual human and animal consumption is much less than 1% of 
the world's total water supply. What is in short supply is cheap 
energy and cheap potable water that people can afford to buy. 
Therefore, water and energy are the critical elements of sustainable 
development and without access to both, economic growth and job 


North Africa region 


Fig. 1. Potentials of solar in NA region (Economic Potential > 600 000 TWh/yr, 
Maximum yield 250 GWh/km7?). 
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Potential of Solar in NA, in TWh’year 
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Fig. 2. Statistic prediction of the potential of solar electricity generation in NA (TWh/yr). 


ALGERIA LIBYA 
WE STi RN 
SAHARA 
è 
MAURITANIA 
} “ MAY 
hae NIGERI 
SENE GAG 
TL) 
GUINEA A. al 


PBURKINAS 
FASO JY 


NIGERIA/ 


N ABENIN 


S'UIDA'N 


Sitti soy) Precipitation (mm / y) 
E 0-25 

E 2-50 

E 1-75 

76 - 100 

101 - 150 


SAUOIARABITIA 


fY EMEN 
ERITREA A 


= 3 


501 - 600 
601 - 700 


E > 700 


SERRG0C00o0 


Fig. 3. Map of yearly average precipitation in NA region. 


Table 1 
Population size and growth in NA: 1950, 2007 and 2050. 


Country Population in thousands Ratio of population 
1950 2007 2050° 1950/2007 2007/2050 
Algeria 8753 33,858 49,610 3.9 15 
Egypt 21,834 75,498 121,219 3.5 1.6 
Morocco 8953 31,224 42,583 3.5 1.4 
Libya 1029 6160 9683 6.0 1.6 
Tunisia 3530 10,327 13,178 29 13 
Northern Africa 44,099 157,068 236,272 3.6 1.5 


* Projected. 


creation cannot take place and poverty cannot be averted. A myriad 
connections exist between our demand for and use of energy and 
water, and suggests that there are strong parallels between the 
growing water crisis in NA and energy resources (fossil and renew- 
ables), as well as between the solutions to both problems. It is 
important to emphasize again that we can no longer take water 
resources for granted if NA region is to achieve energy security in 
the years ahead. This is also true of other regions as well, and 
reflects the strong linkage between water and energy, as well as a 
growing water security crisis world-wide. 

Water and energy uses are closely linked in that energy 
production uses and pollutes water and water use requires sign- 
ificant energy (globally, commercial energy consumed for deliver- 
ing water, such as lifting ground water, desalinating, treating and 
pumping water through pipes, is about 7% of total world con- 
sumption) [13]. Limits to each are beginning to affect the other; 


yet energy and water issues are rarely integrated in policy. Energy 
and water policy can also be expressed in similar terms. The first 
priority of energy policy should be the wise, efficient use of 
whatever energy supplies are available. The same is true of water 
- priority should be given to the wise, efficient use of whatever 
water supplies exist. By considering water and energy together 
will offer substantial economic and environmental benefits for the 
NA region. In addition, the realities of climate change affects 
policies in both areas. It is after focusing on efficient use of existing 
resources that attention must be focused on new energy and water 
supplies that meet sustainability and environmental requirements. 
We therefore need to achieve the following objective: 


è Establish strong links with the political process that lead to 
recommendations which will advise governments on the best 
approach to the links between water and energy; 

è Establish common understanding and cooperation between 
actors from the water and energy sectors; 

è Establish a network of policy makers in charge of water and 
energy involving developed countries and developing countries 
of NA to enhance levels of dialogue and awareness on all 
aspects link water/energy; 

è [Initiate a major new research program that will address the 
connection between water/energy availability and economic 
sustainability. 


Issues the society is facing today and that we need to overcome 
are: 


© Climate change (mostly from burning fossil fuel) 
© Increase in the prices of limited energy and water resources 
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© Increase in the prices of energy-intensive commodities like 
fertilizer 

Air and water pollution 

Economic development in all aspects 

National security 

Poverty and global health 

How to keep society free of geopolitical conflict 


We have much to contribute all, as a social responsibility duty, to 
achieve water and energy security, the linkage between the two must 
be recognized and acted upon. Without access to both, economic 
growth and job creation cannot take place and poverty cannot be 
averted. Fig. 4 shows how we need science and technology that are 
poised to play a transformative role in providing clean and sustainable 
water and energy. SSB project may be a solution! 


2.1. Various forms of energy 


Energy is the engine of the universe, engine of all the funda- 
mental processes of the nature on earth and engine of the world 
economy. The world is full of energy resources but their supply is 
finite. It also needs to be converted into power in order to make 
use of it. Our response is to find ways to use these resources more 
efficiently and develop new sources for energy. The different forms 
of energy are summarized as being fossil, fissile, renewable and 
new energies which can be presented as: Mechanical, Chemical, 
Electrical, Nuclear and Thermal energies. Energy researchers 
should creatively apply their knowledge of science (physics, math 
and chemistry), engineering (electrical and mechanical) and eco- 
nomics to confront the global challenges of energy supply and 
demand [14] (Fig. 5). 


2.1.1. Energy and sustainability 

To understand the implications for energy supply, Table 2 
presents a brief review of the energy linkage with other sustain- 
able development issues such as water, health, biodiversity and 
agriculture. Energy availability can, therefore, severely constrains 
the four critical elements of sustainable development, a major goal 
of NA countries policy. 

Population growth and economic development are driving a 
steadily increasing demand for new energy supplies, and global 
demand for energy has more than tripled over the past half 
century. The future demand for electricity, assessed from time to 
time by the IEA, shows that the world's electricity consumption is 
expected almost to double by the year 2020 [15]. 

Table 3 shows clean energy, expressed as a percentage of total 
energy use in NA's countries. Clean energy is non-carbohydrate 
energy that does not produce carbon dioxide when generated. It 
includes hydropower, geothermal, wind and solar power, among 
others. Note that the Arab world presents a percentage of total 
energy of about 0.39. Table 3 also shows the values of energy 
intensity in 2050. Energy intensity is a measure of the energy 
efficiency of a nation's economy. It is calculated as units of energy 
per unit of GDP (high energy intensities indicate a high price or 
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Fig. 4. Issues the society is facing today. 


cost of converting energy into GDP and low energy intensity 
indicates a lower price or cost of converting energy into GDP). 


2.2. Various forms of water 


An important feature of the earth's supply of fresh water is 
its non-uniform distribution around the globe. Water, for which 
there are no substitutes, has always been mankind's most precious 
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Fig. 5. Energy engineering main research areas, forms of energy and energy pyramid. 


Table 2 
Energy supply and use in connection with water, health, biodiversity and 
agriculture. 


Energy supply and use 


Energy and water œ Potential to provide safe drinking water through 
desalination and treatment 

Acidification of water bodies 

Hydropower impacts 


Energy and e Potential for improving health care facilities 
health e Traditional fuel use health impacts 
e Health impacts of air pollution 
e High environmental impact 
Energy and e Bio-energy production to revive degraded land 
biodiversity e Hydropower's impact on species and ecosystems 
Energy and e Increase productivity through modern energy sources 
agriculture e Bio-energy as a new source of fuel 
Table 3 


Alternative energy [16] and energy intensity [17] by country in NA. 


Country Alternative energy Energy intensity 
(percentage of total 2050 
energy use) (%) 

Algeria 0.1 1:87 

Egypt 1.9 319 

Morocco 0.71 1.11 

Libya 0 No data available 

Tunisia 0.07 T31 
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resource. The struggle to control water resources has shaped 
human political and economic history, and water has been a source 
of tension wherever water resources are shared by neighbouring 
peoples. Globally, there are 215 international rivers and 300 ground 
water basins and aquifers shared by two or more countries [18]. 

There may be renewable and non-renewable sources of water 
in that: 


© Non-renewable resources are stock limited with no effective 
recharge; 

@ Renewable resources are flow limited; 

e Water and energy exhibit characteristics of both: but while 
most of our water use is renewable, most energy use is non- 
renewable. 


Renewable water is continuously renewed within reasonable time 
spans by the hydrological cycle, such as that in streams, reservoirs, 
or aquifers that refill from precipitation, runoff, or groundwater 
recharge. 

We will never run out of water overall, it is (mostly) renewable. 
We will run up against renewable flow limits that are a combina- 
tion of natural and economic constraints. Where water is non- 
renewable we will run into stock constraints. We are increasingly 
hitting (or exceeding) peak ecological water limits. Hitting these 
limits has social, economic, and political implications (Fig. 6) [18]. 


Total Renewable 
Supply 7 


But, how much can we 
Actually use? 
How much should we 
Actually use? 


Peak Renewable Water 


Such as fossil groundwater 
(Central Valley, Ogallala, 
Algeria, Libya, North China 
Plains, central India...) 


Peak Non Renewable Water 


2.2.1. Water and sustainability 

The water linkage with some important aspects of lives, such as 
education, health, poverty and hunger, is depicted in Table 4. The 
importance of access to clean water cannot be overstated. Poor 
health, hunger and a lack of education are symptoms of the true 
problems: No clean water. Together they lead to a cycle of poverty. 

The column 1 of Table 5 shows the total renewable water 
resources in NA's countries. It corresponds to the maximum 
theoretical yearly amount of water actually available for the 
country at a given moment. Note that the current world total 
renewable water resources: ~53,719 km?/year. Total renewable 
water resources provides the water total available to a country but 
does not include water resource totals that have been reserved for 
upstream or downstream countries through international agree- 
ments. Note that these values are averages and do not accurately 
reflect the total available in any given year. Annual available 
resources can vary greatly due to short-term and long-term 
climatic and weather variations. 

The column 2 of Table 5 shows total renewable water resources 
per capita by country. Note that the current world total renewable 
water resources: ~24,776 m?/inhabitant/year (24,776,000 1 for 
each person). 

The column 3 of Table 5 shows the per cent of total renewable 
water resources dependency ratio or originating outside the 
country. Dependency ratio may theoretically vary between 0% 
and 100%. A country with a dependency ratio equal to 0% does not 


Overall Economic and Ecological Value 
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Peak Ecological Water 


Fig. 6. Peaks of renewable, non-renewable and ecological water. 


Table 4 
Water supply and use in connection with education, health, poverty and hunger. 


Water supply and use 


Water and education 


Water and health 


Water and poverty 


Water and hunger 


Education is critical for breaking the cycle of poverty 
Lack of clean water has serious effects on student's academic performance and attendance rates 
Lack of clean water=education simply becomes less of a priority=Lack of Equality 


Potential for improving health care facilities 

1 out of every 5 deaths under the age of 5 worldwide is due to a water-related disease 
Good health begins with access to clean water 

Poor health leads to poor productivity 

Clean and safe water is essential to healthy living 


Poverty begins with a lack of clean water and can be the result of a lack of access to clean drinking water 
Nearly 1 in 8 people on the planet do not have access to clean, safe water 
Without clean water, the possibility of breaking out of the cycle of poverty is incredibly slim. 


Globally we use 70% of our water sources for agriculture and irrigation, and only 10% on domestic uses. 


Water scarcity translates to a loss of food security 


Water is fundamental to relieving hunger in the developing world. 84% of people, who don't have access to improved water, 


also live in rural areas, where they live principally through subsistence agriculture. 
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receive any water from neighbouring countries. A country with a 
dependency ratio equal to 100% receives all its renewable water 
from upstream countries, without producing any of its own. This 
indicator does not consider the possible allocation of water to 
downstream countries. 

The column 4 of Table 5 shows surface water and ground water 
withdrawal as percentage of total renewable water resources. 
Water withdrawal is the quantity of water removed from available 
sources for human use (in the agricultural, domestic and industrial 
sectors), expressed as a percentage of the total volume of water 
available annually through the hydrological cycle (total actual 
renewable water resources). The terms water resources and water 
withdrawal are understood as freshwater resources and fresh- 
water withdrawal. 

[Freshwater withdrawal as % of total renewable water resources 
(actual)|= 100:[Total freshwater withdrawal (surface water + ground- 
water)|/[Water resources: total renewable (actual)] 

The column 5 of Table 5 shows total water withdrawal per capita 
by country. Water withdrawal is the quantity of water removed from 
available sources for use in any purpose. Water drawn-off is not 
necessarily entirely consumed and some portion may be returned for 
further use downstream. 


2.2.2. Water stress and security risk indexes 

NA region is rated as having the least secure water supplies in 
the world. The five key components of water security, for the NA 
countries, are given below in Tables 6 and 7 [21]. 

Indexes include: access to improved drinking water and sanita- 
tion; the availability of renewable water and the reliance on external 
supplies; the relationship between available water and supply 
demands and the water dependency of each country's economy. 

The use of water varies greatly from country to country in NA 
region. Data on water use by countries and by different economic 
sectors are among the most sought after in the water resources 
area. The quantities of freshwater withdrawal by country and by 
domestic, industrial and agricultural sectors in NA are shown in 
Tables 8 and 9 [22,23]. We all hope to seek inspiring ideas for 
future water development and explore ways for sustainable 
development. This is highly important for preserving our common 


Table 5 
Total renewable water resources by country in NA [19,20]. 


Country Renewable Renewable Renewable Proportion Total 
water water water of total water 
resources resources resources water use per 
(km?/yr) per capita dependency resources capita 

(m?3/yr) ratio (%) used (%) (m?/yr) 

Algeria 11.67 339.5 3.6 52.65 196 

Egypt 57.3 702.8 96.86 119 937 

Morocco 29 917.5 0 43.41 427.2 

Libya 0.6 95.33 0 718 776.8 

Tunisia 46 451.9 8.71 61.74 296.2 

Table 6 
Key components of water security. 
Overall water security=A+B+C+D+E 
Component Definition 


A=Basic household needs 
B=Agriculture production 
C=Environment flows 
D=Risk management 
E=Independance 


homeland, the Earth, and promoting its prosperity by acting as a 
catalyst in the development of NA region. 


3. Energy research themes for NA 


In their plans to move beyond heavy dependence on fossil fuel 
imports (Morocco and Tunisia) or to maximize export revenues from 
domestic oil and gas reserves (Libya, Algeria and Egypt), the NA 
countries stand at a crossroads in terms of energy policy: interest in 
adopting RE and/or nuclear energy presents opportunities for a 
strategic realignment of national development paths. Placed in the 
global Sunbelt, rich in wind, geothermal and hydropower resources, 
the NA countries boast abundant potential for RE production. 
Although a series of clean energy policy initiatives have recently 
been introduced in the region, RE resources largely remain untapped. 
Current efforts to establish large-scale solar power exports to the 
European Union (EU) - including the Mediterranean Solar Plan, the 
Desertec and the SSB project - anticipate a substantial uptake of RE 
in NA [24]. In this section, we try to provide a platform to analyse 
recent trends in the NA energy systems research, as well as their 
implications for wider energy governance, in the context of this 
current crossroads for strategic energy investment and development. 


3.1. Energy training and technology transfer, main categories 


Current trends and prospects for RE in NA, covering optimiza- 
tion of market and technological options, regional energy infra- 
structure challenges (e.g. in terms of generation capacity, energy 
security and integration with European energy and carbon mar- 
kets) and political-economic governance contexts are analysed. 
There are also in-depth insights on clean energy policy develop- 
ment in NA. Training and technology transfer, main categories, on 
energy, can be summarized as follows: 


© Technologies that are currently applicable for world-wide cost- 
effective application (energy efficient buildings, off-grid PV, 
commercial solar water heating); 

© Technologies in need of minor development (CSP stations, wind 
energy); 

è Energy science-based approach towards developing smart 
solutions; 


Table 7 
Secure water supplies in NA. 


North Africa Water stress Water stress Water use as % Water security 


country category index of renewable risk index 
resource 

Morocco Extreme 12 43.41 16 

Algeria Extreme 13 52.65 18 

Tunisia Extreme 15 61.74 17 

Libya Extreme 5 71.8 14 

Egypt Extreme 9 11.9 4 


The percentage of population with sustainable access to an improved water source 

The extent to which water is available and harnessed for agriculture production 

Percentage of renewable water resources available in excess of environmental water requirement 

The extent to which countries are buffered from effects of rainfall variability through large dam storage 
The extent to which countries water and food supplies are safe and secure from external changes or shocks 
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Table 8 
Annual freshwater withdrawal by sector in NA. 


North Africa Year Total freshwater Per capita 

country withdrawal (km?/yr) withdrawal (m?/p/yr) 
Morocco 2000 12.6 389 

Algeria 2000 6.07 171 

Tunisia 2000 2.64 254 

Libya 2000 4.27 652 

Egypt 2000 68.3 809 

Table 9 


Annual quantity of freshwater use by sector and by person in NA. 


North Population in Domestic use Industrial use Agricultural 
Africa 2010 (Millions) — (m?/p/yr) (m?/p/yr) use (m?/p/yr) 
country 

Morocco 32.38 39 12 339 

Algeria 35.42 38 23 111 

Tunisia 10.37 36 10 209 

Libya 6.55 91 20 541 

Egypt 84.47 62 49 695 


Appropriate strategies to provide training for the optimization 
and management of energy use that contributes to a prosper- 
ous environment (climate-friendly energy supply); 

è Provide NA partners with access to the, for example, Japan's 
Universities advanced energy and sustainability research 
topics. The two sides communicate their research information 
and findings for procession and dissemination in the frame- 
work of the SSB project for example; 

e As for EE, technologies are sought that can be deployed within 
NA's operations or more broadly in the MENA region to reduce 
energy consumption, carbon emissions, and reduce the rapid 
growth in domestic demand (air conditioning and cooling 
during summertime). There are many other opportunities for 
efficiency improvements including building and construction 
materials, waste heat recovery systems, lighting, etc. 

© Sharing best practice examples to relevant energy sector (share 
projects aiming at improving social and community services, at 
management of natural resources and at creating income- 
generating activities); 

è Unlocking climate finance: evaluating the current financial 
situation to determine how much more is required to reach 
current RE generation targets; 

è Find how can solar energy act as a creator of sustainable jobs in 
NA? 


3.2. Energy innovative research for NA 


In this section, we briefly set out some proposed innovative 
researches areas for the interest of NA countries in alternative 
energy futures. These are proposed below: 


è In sunny NA, solar energy is the energy source of today and 
tomorrow. And, from the west to the east of the region, wind 
energy can be used. Both alternative energy sources will play a 
key role in the SSB and Desertec projects; 

© New technologies with a view to long term energy sustainability; 

e NA has lots of open land, and lots of sand which is rich in 
silicon; which is needed to make poly-silicon for the solar 
industry (joint venture with the Sahara Solar Breeder project 
team). With this move, NA, with the help of Japan, can slowly 
begin to make some moves diversifying out of oil, which is its 
only real exportable commodity - and towards solar power and 


Domestic use (%) Industrial use (%) Agricultural use (%) 


10 3 87 
22 13 65 
14 4 82 
14 3 83 

8 6 86 


sand-based poly-silicon, the commodities that it is truly rich in. 
And since NA is expected to be among the major PV growth 
regions during next years, it will be considered as a smart 
move; 

è Establish a conceptual and analytical framework for the assess- 
ment and monitoring of energy impacts on the environment; 

è Since NA has abundant solar energy resources suitable for 
both concentrating and non-concentrating systems. We seek 
innovative research in solar technologies; particularly those 
tackling unique challenges to solar systems in the region such 
as extreme ambient temperatures, dust, sand, humidity...; 

© Identifying research challenges and trends in solar power 
generation; 

@ NA seeks to be involved in the breakthrough technologies 
which are applicable in NA's operations, or more generally of 
strategic importance to the region. 


The International Renewable Energy Agency (IRENA) and the 
Renewable Energy Policy Network for the 21st Century (REN21) 
recently published a joint report examining the deployment of RE 
in the NA region. This latter, the report says, is currently char- 
acterized by an increasing amount of renewable power investment 
and a burgeoning project pipeline to harness the region's abun- 
dance of renewable energy resources. The report also finds that PV 
is experiencing rapid growth due to its tremendous potential and 
continuously decreasing technology costs, with a current pipeline 
of almost 2 GW [25]. Note that from 2008 to 2011, the average 
annual growth rate of solar PV production was at least 112% [25]. 
NA countries with solar PV projects in the pipeline include Algeria 
(175 MW), Egypt (106 MW), Morocco (127.7 MW) and Tunisia 
(5 MW). 


4. Water research themes for NA 


Countries in NA region face problems of water shortage due to 
the semi-arid climate and an increasing demand created by 
population and economic growth. The water situation in NA region 
is precarious. Population and development have overwhelmed 
traditional management practice. It is projected that the per capita 
renewable water supply will fall from 3430 m? in 1960, to 667 m? 
in 2025. In several countries of the region, renewable freshwater 
will barely cover basic human needs within two decades. Devel- 
opment of water resources has been impeded by various reasons 
including the lack of technology and public awareness. 

With the political movement in NA under way (Tunisia, 
Libya and Egypt), water issues have to take the centre stage. 
Co-operative water resources development should immediately 
follow to maintain a sustainable growth and prosperity. In view 
of the impending needs, a regional water resources consortium 
should be formed to provide training and technical assistance, to 
promote information and technology exchange, to provide exper- 
tise for arbitrating water conflicts (if happened), to organize 
long term and regional planning, and to serve as a centre of excel- 
lence for relevant technologies in the region using information 
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technology support [26,27]. Managing water resources and pre- 
serving water quality require regional and international efforts. 


4.1. Water training and technology transfer, main categories 


Technology provides opportunities for helping resolve some of 
these problems. Information on existing technology and science 
can be a basis for creating co-operative actions amongst countries 
in the region. Training and technology transfer, main categories, on 
water, can be summarized as follows: 


© The availability of potable water is one of the most pressing 
issues in the world, particularly in the MENA region where 
water production is a costly and energy-intensive process. With 
the NA's growing economy and rising population, it is crucial to 
identify a sustainable desalination solution to meet the long- 
term water needs; 

© NA countries should launch renewably powered desalination 
projects, existing desalination technology will of course continue 
to play its role in providing safe water. The water concerned 
research will have to explore ways to harness natural resources, 
like solar and wind. The overall goal is to have a utility scale 
desalination plants that will be powered by either solar, wind or 
even a combination of the two or several other technologies if 
necessary; 

© Connecting desalination technologies to renewable energy enables 
the NA countries to capitalize on their abundant resources, such as 
solar, as a solution to improve water security. New, less energy- 
intensive water cleansing techniques could revolutionize NA's 
desalination industry, free up important energy exports and 
provide residents a greater sense of water security; 

@ Research in technologies applicable across the water value 
chain including, distribution, end-use, water and wastewater 
treatment, and recycling; 

© Develop appropriate strategies and provide training, design 
documents and counselling services for the proper optimization 
and an integrated management of water use that contributes to 
a prosperous environment. 


4.2. Water innovative research for NA 


The objectives of innovative research for NA are to initiate a 
scientific body aiming to organize efforts on water resources, 
quality, and economic issues in the region. This will also serve as 
a consulting arm for governments in the region initiating national 
or international water conservation, environmental protection, 
management, and utilisation projects. The need to develop inno- 
vative practices and technologies to maximize the use of what is 
naturally available is an on-going challenge for NA water experts, 
policymakers, and the general public. Innovative researches on 
water in NA are proposed below: 


© Getting to grips with the threats to water security is not straight- 
forward and requires innovative and dedicated approaches. Possi- 
ble responses include increasing supply, managing demand and 
allocating water differently; 

®@ Seek new technologies in the areas of ground and surface 
water, water recycling dams, reservoirs, channels, water stan- 
dards, agriculture and irrigation, coastal and port engineering, 
and health expertise; 

© Find proper technology implementation and orientation suita- 
ble for NA; 

© Development of a Water Information System Mapping for the 
collection of available scientific data on water resources and 
provide economic assessment of water supply projects and 
programs; 


è Implementation of integrated approach to water resources 
management; 

©@ Research on the environmental issues in water management 
and incorporation of environmental concerns into decision- 
making; 

© Needs joint venture research for water engineering perspective, 
water education and public water quality awareness; 

e Sharing of information is a first step toward international co- 
operation. A regional water network can not only serve as a 
repository for valuable water data and an access for computer 
software, but also provide a posting place for newest technol- 
ogy, a forum for exchange information and expertise advise; 

© Build an on-line information resources system to help enhance 
and improve communication and information sharing amongst 
water resources professionals in the region; 

e Find new and innovative solutions to water scarcities that do 
not sop up the country's own energy. 


5. Sahara solar breeder, a new global climate policy 


The SSB plan involves building manufacturing plants around the 
Sahara desert that would extract silica from the sand and turn it 
into solar panels to generate renewable energy. The renewable 
energy from the first facility will then be used to breed more 
manufacturing plants and, in turn, more solar panels to generate 
ever increasing amounts of solar power. The ultimate goal is to build 
enough plants until the breeding strategy can deliver 100 GW of 
electricity to provide 50% of the world's electrical power generation 
capacity by 2050 which would be delivered via a global super- 
conducting electrical grid to turn the world's biggest desert into the 
world's biggest power station taking advantage of two resources 
that are found in abundance in the Sahara namely silica and 
sunlight (Fig. 7) [28]. 

Embracing NA region's considerable potential as the world's 
renewable energy powerhouse. The development and realization 
of the SSB project, in the Sahara of Algeria which covers a total 
area of 2,048,297 km2, approximately 86% of the total area of the 
country, will tackle the key challenges and issues related to the 
field of PV putting forward the material R/D perspective and 
promoting innovative processes for solar silicon with a focus on 
the utilisation of Sahara sands. Three Ss should be the national 
energy policy drivers of Algeria namely: Solar, Sand and Space 
[29]. SSB is a project which proposes a plan of international 
partnership in basic research and development, industrial produc- 
tion, trade, financing... to construct, gradually over the coming 
decades, a “Global Clean Energy Superhighway” starting in the 
Sahara desert in NA (beginning from Algeria) (Fig. 8) [30]. 

SSB will help migrate from the unsustainable current excessively 
fossil-fuel-based global energy paradigm to a more sustainable one. It will 
also help meet global energy challenges, and mitigate climate change and 
other environmental problems. SSB is more than an energy solution. It is 
an integrated community, socio-economic, industrial, agricultural, envir- 
onmental, and science and technology development solution. In parti- 
cular, through desalination and adequate irrigation technologies, it will 
help mainstream marginal desert water resources and lands back into 
national, regional and international development processes. The concept 
of the SSB is depicted in Fig. 9 [29-31]. Scenarios help us understand the 
limitations of our ‘mental maps' of the world - to think the unthinkable, 
anticipate the unknowable and utilise both to make better strategic 
decisions. 

SSB has a clever global development strategy for solving the 
energy, water and climate problems with existing solar grade 
Silicon production from Sahara sand technology for a world in a 
sustainable way. The SSB project serves as the initiative for the 
super Apollo project [32] to provide the paradigm shift in the 
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Fig. 7. Solar resources of the world six deserts (TW). 


Alexandria 


Fig. 8. SSB concept and plan. 


Sahara Solar Breeder Model 


Solar Power Plant Extracting Silica 


Afforestation 


Fig. 9. SSB model, key to a sustainable civilization. 


global energy system. SSB merits and difference from other projects 
is that: 


© High skill jobs are created continuously. 
o People enjoy to study and work over generations. 
© Deserts are converted to area for more life. 
o Happy to manage growth of own economy. 
© Sustainable distribution of energy to the globe. 
o Supporting the world sustainability (social responsibility). 


6. Energy/water research needs and priorities in NA 


The idea of valorisation of water and energy resources for 
innovation in NA is to give a vision about the future, take into 
account the experience of the water and energy sectors during the 
last decade, about the development of the renewable energies, 
focused from a double perspective: regulative and technological 
(solar energy is called to be one of the most relevant players in the 
renewable energy basket of the future). The proposed energy and 
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water research needs and priorities in NA can be identified as 
follows: 


Making the region more energy-efficient; 

Peak water limits; 

Unavailability of water; 

Needs for water engineering and water education (Almost all 

renewable energy applications need running water); 

Quantify peak of non-renewable and ecological requirements 

limits, e.g., measuring groundwater use and recharge; 

Assessment and monitoring of energy impacts on water; 

Assess the direct and indirect impacts of climate change; 

The reality of climate change affects policies in both areas; 

The risks of water related disputes are growing, including over 

“peak water” constraints of all kinds!!! 

© Methodology analysis and Management of international envir- 
onmental conflicts on rivers (Nile). 

© Bridge the gap between research centres and industry; 

© The urgent need for unified policies and regulations within the 
North Africa region; 

è Public energy awareness; 

e Writing research proposals and formulating research objectives 

are important; 

Make planning for long term national projects; 

Encourage the creation of national research funding agencies; 

Market penetration of RE and water related issues; 

Cooperation between local and foreign experts; 

Seek to invest in technologies applicable across the water value 

chain, including desalination, distribution, end-use, water and 

wastewater treatment, and recycling. 


A March 2013 report by World Bank's Independent Evaluation 
(IEG) Group [33] found that the effects of water shortages are felt 
strongly by 700 Million people in 43 countries, including NA countries. 
We are, therefore, facing daunting challenges. Worldwide scientists 
suggest that by 2030 the world will need to produce 50% more food 
and energy, together with using 30% more fresh water, while mitigat- 
ing the causes of, and adapting to climate change [34]. Effective 
technical solutions to be adopted or applied and that can aid us in 
confronting and resolving the issues surrounding global Energy/water 


Water Treatment System 


Photovoltaic generator 


security already exist. What is needed is the implementation of 
effective governance, financing and regulation, to allow this technical 
solutions to take effect. Moreover scientists must engage with policy 
makers, economists, financiers, energy and water companies, farmers, 
industry and development agencies in order to build the public- 
political consensus needed to approach the problem of global energy/ 
water security. A study on managing the water cycle and providing 
water for agriculture from municipal waste water has been under- 
taken by Yokoyama of Nippon pure water company [35]. Agriculture 
accounts for 70% of all water use (and in some countries over 90%) 
[36]; therefore improved management of resources in this area is vital 
for any effort to improve not only NA but global water security. In his 
study, Yokoyama has considered using water that has been used once 
but can be used again for another purpose, such as agriculture. Fresh 
water of drinking water quality level can be economically produced 
from the municipal waste water, which has been discharged as drain, 
with advanced Reverse Osmosis (RO, pore size of membrane: less than 
1 nm) membrane technology. This can also be a significant and a very 
much attractive new water resource for agriculture in arid area. The 
new agriculture method in arid area is proposed as follows: 


© PV generator is applied for energy resource; 

© Fresh water from municipal waste water with RO membrane 
technology is applied for agricultural water; 

e Plant factory of water saving agriculture is applied for cultiva- 
tion method. 
Water consumption of sunlight type plant factory is 1/2 to 1/10 
comparing to the dry-field cultivation method. Water con- 
sumption of artificial light type plant factory with light Emit- 
ting Diodes (LED) is 1/10 to 1/100 comparing to the dry-field 
cultivation method [37,38]. 


Fig. 10 shows a conceptual picture of fresh water production 
from municipal waste water with RO membrane technology and 
its application for plant factories with PV generator. 

The water treatment system is based on the following steps: 


1. A raw municipal waste water is fed to MBR tank directly; 
2. The municipal waste water is filtered with MF system which is 
submerged in MBR tank; 


Sunlight Type Plant Factory 
(Open system) 
sunlight 


i $ S Lecttuce 


1000pieces/day 
(=100kg/day) 


Artificial Light (LED) 


Lecttuce 
Plent 


=ð Í 
1000pieces/day 
(=100kg/day) 


Artificial Light Type Plant Factory 
(Closed System) 


Fig. 10. Fresh water production from municipal waste water with RO membrane technology and its application for plant factories with PV generator. MBR: Membrane 


Bioreactor, MF: Micro Filtration (pore size of membrane: more than 100 nm). 
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3. As MF membrane removes all suspended materials, the filtrate 
from MF system is clear but MF membrane cannot remove any 
dissolved materials of ions and organic materials; 

4. The filtrate from MF membrane is fed to RO system, in that RO 
membrane removes almost all dissolved materials of ions and 
organic materials, the quality of the RO permeate clears easily 
the drinking water quality standard. 


7. Conclusions and recommendations 


The importance of access to clean water and energy cannot be 
overstated. Research, Development and Demonstration (RD&D) 
are the foundation for progress and change toward sustainable 
water and energy systems in NA region, protect the global life- 
supporting systems and reduce the risk of geopolitical conflicts 
over water and fossil fuel resources which are quickly depleting 
materials. We need more electricity from Renewables, more 
investment and initiative to make solar energy cost-effective 
and competitive (Sahara Solar Project, Desertec) [29]. New, less 
energy-intensive water cleansing techniques could revolutionize 
NA's desalination industry, free up important energy exports and 
provide residents a greater sense of water and energy security. 
There are good examples of business initiatives to enhance water 
and energy security for communities in water and energy stressed 
regions and the lessons of good practice, from experienced coun- 
tries, need to be more widely disseminated. Cooperation is crucial; 
problems cannot be solved by one country alone. We need to learn 
from each other- local, global, regional, cooperation is therefore 
crucial. Drivers of regional cooperation on water and energy: 


Geography 

Resources endowment/variability 
Trade 

Democracy & Governance 

Power asymmetries 

Diplomatic relationship 

Political regimes 

Colonial heritages!!! 
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